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(54) Process for removing bile salts from a patient and alkylated compositions therefor 

(57) A method for removing bile salts from a patient 
that includes administering to the patient a therapeuti- 
cally effective amount of the reaction product of: (a) one 
or more highly cross-linked polymers characterized by a 
repeat unit selected from the group consisting essen- 
tially of: (1), (2), (3): (NR-CH 2 -CH 2 ) n . (4): (NR-CH 2 CH 2 - 
NR-CH 2 CH 2 -NR-CH2CHOH-CH2)n and salts and 
copolymers thereof, where n is an integer and each r. 
independently, is H or a C|-C 8 alkyl group; and (b) at 
least one alkylating agent. The reaction product is char- 
acterised in that: (i) at least some of the nitrogen atoms 
in said repeat units are unreacted with said alkylating 
agent; (ii) less than 10 mol% of the nitrogen atoms in the 
repeat units that react with the alkylating agent from 
quaternary ammonium units; and (iii) the reaction prod- 
uct is non-toxic and stable once ingested. 
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[0001] This invention relates to removing bile salts from a patient. 

0002 Salts of bile acids act as detergents to solubilize and consequently aid in digestion of dietary fats. Bile acids 
Elmuran to be salts, and are derived from cholesterol. Following digestion, bile acids can be passively aborted 
T n the case of conjugated primary bile acids, reabsorbed by active transport in the ileum. Bite acids 
^^"S^^ a^veUnsport are deconjugated and dehydroxylated by bacterial action ,n the distal 

hinnri cholesterol level can be diminished by reducing reabsorption of bile acids. 

^^SS^cJJIducIno the amount of bile acids that are reabsorbed is orai administration ofco^nds^a 
s^LvZ bHe acids and cannot themselves be absorbed. The sequestered bile acids consequently erther decom- 

Sm SHE s^e^however, bind reiatively hydrophobic bile acids more avidly thar .conjugate ^pn- 

m^v bile aTJs such as Snjugated cholic and chenodeoxycholic acids. Further, active transport in the ileum causes 
San^ 

reStion In addition *e volume of sequestrants that can be ingested safely is limrted. As a result, the effectless 
of sequestrants to diminish Wood cholesterol levels is also limited. imrho i ate an d deox- 

[0006] Sequestering and removing bile salts (e.g., chelate, glycocholate, glycochenocholate taurocholate, and deox 
«Sln I JLnt can be used to reduce the patient's cholesterol level. Because the biological precursor to b.le 
SS rHS^^SSJ-Sil to nTake bile salts is accompanied by a simuKaneous reduction in the 

^T r °Cho.^ne. a polystyrene/dMnylbenzene ammonium ion exchange resin when ^^^.v'or 
safe via the digestive tract. This resin, however, is unpalatable, gritty and constipating Rears which avoKl (totally or 
pIS these dfsadvantages and/or possess improved bile salt sequestration propert.es are needed. 

Summary of the Invention 

[0008] The invention relates to the discovery that a new class of ion exchange resins have improved bile salt seques- 
tration properties and little to no grittiness, thereby improving the payability of the composition^ 
[0009] The resins comprise cross-linked polyamines which are characterized by one or more hydrophobe substitu 
or*; and ontionallv one or more quaternary ammonium containing substituents. 

£! oT InTeneSr Mention features resins and their use in removing bile salts from a patient that includes admin- 
istering to the patient a therapeutically effective amount of the reaction product of: 

(a) one or more crosslinked polymers characterized by a repeat unit selected from the group consisting essentially 
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(NR-CH2CH 2 ) n (3) 
(NR-CH 2 CH 2 -NR-CH 2 CH 2 -NR-CH 2 CHOH-CH 2 ) n (4) 

5 and salts and copolymers thereof, where n is an integer and each R, independently, is H or a substituted or unsub- 

stituted alkyl group (e.g., C^-C s alkyl); and 

(b) at least one alkylating agent. The reaction product is characterized in that: (i) at least some of the nitrogen 
atoms in the repeat units are unreacted with the alkylating agent; (ii) less than 10 mol% of the nitrogen atoms in the 
repeat units that react with the alkylating agent form quaternary ammonium units; and (iii) the reaction product is 
w preferably non-toxic and stable once ingested. 

[0011] Suitable substituents include quaternary ammonium, amine, alkylamine, dialkylamine, hydroxy, alkoxy, halo- 
gen, carboxamide, sulfonamide and carboxylic acid ester, for example., 

[0012] In preferred embodiments, the polyamine of compound (a) of the reaction product is crosslinked by means of 
is a multifunctional crosslinking agent the agent being present in an amount from about 0.5-25% (more preferably about 
2.5-20% (most preferably 1-10%)) by weight, based upon total weight or monomer plus crosslinking agent. A preferred 
crosslinking agent is epichlorohydrin because of its high availability and low cost. Epichlorohydrin is also advantageous 
because of it's low molecular weight and hydrophilic nature, increasing the water-swellability and gel properties of the 
polyamine. 

20 [001 3] The invention also features compositions based upon the above-described reaction products. 

[0014] The invention provides an effective treatment for removing bile salts from a patient (and thereby reducing the 
patient's cholesterol level). The compositions are non-toxic and stable when ingested in therapeutically effective 
amounts. 

[001 5] Other features and advantages will be apparent from the following description of the preferred embodiments 
25 thereof and from the claims. 

Detailed Description of the Invention 

Compositions 

30 

[001 6] Preferred reaction products include the products of one or more crosslinked polymers having the formulae set 
forth in the Summary of the Invention, above, and one or more alkylating agents. The polymers are crosslinked. The 
level of crosslinking makes the polymers completely insoluble and thus limits the activity of the alkylated reaction prod- 
uct to the gastrointestinal tract only. Thus, the compositions are non-systemic in their activity and will lead to reduced 

35 side-effects in the patient. 

[0017] By "non-toxic" it is meant that when ingested in therapeutically effective amounts neither the reaction products 
nor any ions released into the body upon ion exchange are harmful. Cross-linking the polymer renders the polymer sub- 
stantially resistant to absorption. When the polymer is administered as a salt, the cationic counterions are preferably 
selected to minimize adverse effects on the patient, as is more particularly described below. 

40 [001 8] By "stable" it is meant that when ingested in therapeutically effective amounts the reaction products do not dis- 
solve or otherwise decompose in vh/o to form potentially harmful by-products, and remain substantially intact so that 
they can transport material out of the body. 

[001 9] By "salt" it is meant that the nitrogen group in the repeat unit is protonated to create a positively charged nitro- 
gen atom associated with a negatively charged counterion. 
45 [0020] By "alkylating agent" it is meant a reactant which, when reacted with the crosslinked polymer, causes an alkyl 
group or derivative thereof (e.g., a substituted alkyl, such as an aralkyl, hydroxyalkyl, alkylammonium salt, alkylamide. 
or combination thereof) to be covalently bound to one or more of the nitrogen atoms of the polymer. 
[0021] One example of preferred polymer is characterized by a repeat unit having the formula 
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(CH 2 - CH) n 
NH 2 

or a salt or copolymer thereof ; wherein x is zero or an integer between about 1 to 4. 

[0022] A second example of a preferred polymer is characterized by a repeat unit having the formula 

(NH-CH 2 CH 2 ) n (6) 

SJS" A preferred polymer is characterized by a repeat unit having the formuto 

(NH-CH 2 CH 2 -NH-CH 2 CH 2 -NH-CH2CHOH-CH2) n O 

7<£f ^eToCers^eferably crosslink prior to alkylate. Examples of suitable crossing agents include 
Eo 5 S£p^en.d^^ 

££ "SSX'^'^S^ be aohieved by reecen, the polymer with a surW*, £ * - 
SSL SSteLn a. *<£>Vc (or a period of time of about eighteen hounj tt £er*» tarn eg* The gel . 

XSm Aetata, involves reaction between the nitrogen atoms of the polymer and the alkylattng agent (wh^h may 

haSeTdecyl hal.de. n^odecyl halide, n-tetradecyl halide. n-octadecyl hahde. and comb.nat.ons thereof ^a C, 
^e^a^tiSonTom U s-h^lairae^ovoonium self, (.o^alod^^^thyla^^ eat.. 
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STit=T^™r^ * a, leas, t*o slkylafir* agenjs. &"£~*o' 
SLnytothepolyme! 'in one preferred example, ore of the <*ytaHng « rt ^^^ R £^2££, 

S£ ^Zeti a ~oSo, me MM agems has fhe formula RX where R is a ffm^* 
inS^eeoee o, more erearcpMio leaving groups (eg., an alkyl halide). and the other alkylates, agent has the 
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formula FVX where FT is a C 1 -C 2 o hydroxyalkyl group and X includes one or more electrophilic leaving groups (e.g.. a 
hydroxy alkyl hafide). 

[0032] In another preferred example, one of the alkylating agents is a C^Cao dihaloalkane and the other alkylating 
agent is a CrC^o alkylammonium salt. 

5 [0033] The reaction products may have fixed positive charges, or may have the capability of becoming charged upon 
ingestion at physiological pH. In the latter case, the charged ions also pick up negatively charged counterions upon 
ingestion that can be exchanged with bile salts. In the case of reaction products having fixed positive charges, however, 
the reaction product may be provided with one or more exchangeable counterions. Examples of suitable counterions 
include C1", Br", CH 3 OS0 3 \ HS0 4 " , S0 4 2 ' HC0 3 ", C0 3 ~. acetate, lactate, succinate, propionate, butyrate, ascorbate, 

io citrate, maleate, folate, an amino acid derivative, a nucleotide, a lipid, or a phospholipid. The counterions may be the 
same as, or different from, each other. For example, the reaction product may contain two different types of counterions, 
both of which are exchanged for the bile salts being removed. More than one reaction product, each having different 
counterions associated with the fixed charges,may be administered as well. 

[0034] The alkylating agent can be added to the cross-linked polymer at a molar ratio between about 0.05:1 to 4:1 , 
i5 for example, the alkylating agents can be preferably selected to provide hydrophobic regions and hydrophilic regions. 
[0035] The amine polymer is typically alkylated by combining the polymer with the alkylating agents in an organic sol- 
vent The amount of first alkylating agent combined with the amine polymer is generally sufficient to cause reaction of 
the first alkylating agent with between about 5 and 75 of the percent of amine groups on the amine polymer that are 
available for reaction. The amount of second alkylating agent combined with the amine polymer and solution is gener- 
ic ally sufficient to cause reaction of the second alkylating agent with between about 5 and about 75 of the amine groups 
available for reaction on the amine polymer. Examples of suitable organic solvents include methanol, ethanal, isopro- 
panol. acetonitrile, DMF and DMSO. A preferred organic solvent is methanol. 

[0036] In one embodiment, the reaction mixture is heated over a period of about forty minutes to a temperature of 
about 65°C, with stirring. Typically, an aqueous sodium hydroxide solution is continuously added during the reaction 

25 period. Preferably, the reaction period at 65°C is about eighteen hours, followed by gradual cooling to a room tempera- 
ture of about 25°C over a period of about four hours. The resulting reaction product is then filtered, resuspended in 
methanol, filtered again, and then washed with a suitable aqueous solution, such as two molar sodium chloride, and 
then with deionized water. The resultant solid product is then dried under suitable conditions, such as at a temperature 
of about 60°C in an air-drying oven. The dried solid can then be subsequently processed. Preferably, the solid is ground 

30 and passed through an 80 mesh sieve. 

[0037] In a particularly preferred embodiment of the invention, the amine polymer is a crosslinked polyfallylamine), 
wherein the first substituent includes a hydrophobic decyl moiety, and the second amine substrtuent includes a hexylt- 
rimethylammonium. Further, the particularly preferred crosslinked poly(allylamine) is crosslinked by epichlorohydrin 
that is present in a range of between about two and six percent of the amines available for reaction with the epichloro- 

35 hydrin. 

[0038] The invention will now be described more specifically by the examples. 
EXAMPLES 
40 A. Polymer P reparation 

1. Preparation of Polv (vinvlamine) 

[0039] The first step involved the preparation of ethylidenebisacetamide. Acetarrnde (1 1 8 g), acetaldehyde (44.06 g). 

45 copper acetate (0.2 g), and water (300 mL) were placed in a 1 L three neck flask fitted with condenser, thermometer, 
and mechanical stirred. Concentrated HCI (34 mL) was added and the mixture was heated to 45-50°C with stirring for 
24 hours. The water was then removed in vacuo to leave a thick sludge which formed crystals on cooling to 5°C. Ace- 
tone (200 mL) was added and stirred for a few minutes, after which the solid was filtered off and discarded. The acetone 
was cooled to 0°c and solid was filtered off. This solid was rinsed in 500 mL acetone and air dried 1 8 hours to yield 31 .5 

so g of ethylidenebisacetamide. 

[0040] The next step involved the preparation of vinylacetamide from ethylidenebisacetamide. Ethylidenebisaceta- 
mide (31 .05 g), calcium carbonate (2 g) and celite 541 (2 g) were placed in a 500 mL three neck flask fitted with a ther- 
mometer, a mechanical stirred, and a distilling heat atop a Vigroux column. The mixture was vacuum distilled at 24 mm 
Hg by heating the pot to 180-225°C. Only a single fraction was collected (10.8 g) which contained a large portion of 

55 acetamide in addition to the product (determined by NMR). This solid product was dissolved in isopropanol (30 mL) to 
form the crude vinylacetamide solution used for polymerization. 

[0041] Crude vinylacetamide solution (15 mL), divinylbenzene (1 g, technical grade, 55% pure, mixed isomers), and 
AIBN (0.3 g) were mixed and heated to reflux under a nitrogen atmosphere for 90 minutes, forming a solid precipitate. 
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^ j^rr^nni mn was added and the solid was collected by centrifugation. The solid was 

used to prepare poly(vinylamine as follows). Hri 
us M „ 7 , . , ' ^ / rt 7Q maced in a 100 mL one neck flask containing water (25 mL) and cone. HCI 
[0042] Pol y (vmylacetamide (079g) _was placed ma 10 mLO ^ ^ ^ ^ ^ jsopro _ 

(25 mL). The mixture was refluxed tor 5 days, ™ ^ ra ^ SDectroscopy indicated that a significant amount 

panol. and dried in a vacuum oven to yield 0.77 g of '"J^ LS^SfcrSd The product of this reacts 

ttn was raduoed at* ma.nfc.nad a ' ~' °°J (500 mL) and adjusted to pH 5 with ao* add. Hfc 
infrared spectroscopy indicated that significant amine had been formed. 
2. preparation "* Pnlv.elhvleneimine) 

ml). Eptch.oro.vdno <22.1^-»«*** «P«~ J^J^^SS d». Hnsed dree Smas w» wat« (3 
q Pre paration of Polvfc llylaminel hydrochloride 

[0044] To a 2 .Her. water-jacketed reaction ke«e equipped wHh W • »M «^ * ^^slS 
? TLmeter. and (3) a mechanical stirrer was added 

to 5»C using circulating water in the jacket of the reaction kettle (water temperature - 0 C). w ^ ete> 
^wasaddidropwise™^ 

pane) dihydr ochloride (0.5 g) suspended in 1 1 mL of water was ^^J^SS^) dihydrochloride (5 

At.eendofthis^riod.^ 
allowed to coo. with stirring. The ^ JS^iTTSiS S? to form The £* was removed by f iltration, re- 
added <£££^ methanol rinse was then repeated one 

solid. 

4 P^ paratinn of EojyXaJlyJamiDfi) hvrlrochlorirlP crosslink^ wjfh Bpichlorphydrin 

removed and placed in portions in a blender with a total of ^J^^^raBon The solid was rinsed three 

yield about 677 g of the cross linked polymer as a granular, brittle, white solid. 
5 p ro pgrati nn of EQlylsJiyJ^miPfi) hydrochloride crosslink^ with hi 1^.0^0 . ^1 Stbfit 

SStlSS oSe * iS -esnHing «**» was coolad to room fcmparatura in .ha bucket, aha, wfc* 1 .4*o,anad,. 
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oldiglycidyl ether crosslinking agent (65 mL) was added at! at once with stirring. The resulting mixture was stirred gently 
until it gelled (about 6 minutes). The crosslinking reaction was allowed to proceed for an additional 18 hours at room 
temperature, after which the polymer gel was removed and dried in a vacuum oven at 75°C for 24 hours. The dry solid 
was then ground and sieved to -30 mesh, after which it was suspended in 6 gallons of water and stirred for 1 hour. The 
5 solid was then filtered off and the rinse process repeated two more times. The resulting solid was then air dried for 48 
hours, followed by drying in a vacuum oven at 50°C for 24 hours to yield about 415 g of the crosslinked polymer as a 
white solid. 

6. Preparation of PotvfelMamine) hydrochloride crosslinked with ethanedioldialvcidvl ether 

10 

[0048] To a 1 00 mL beaker was added poly(allylamine) hydrochloride prepared as described in Example 3 (1 0 g) and 
water (40 mL). The mixture was stirred to dissolve the hydrochloride and the pH was adjusted to 10 by adding solid 
NaOH. The resulting solution was cooled to room temperature in the beaker, after which 1 ,2-ethanedioldiglycidyl ether 
crosslinking agent (2.0 mL) was added all at once with stirring. The resulting mixture was stined gently until it gelled 
75 (about 4 minutes). The crosslinking reaction was allowed to proceed for an additional 18 hours at room temperature, 
after which the polymer gel was removed and blended in 500 mL of methanol. The solid was then filtered off and sus- 
pended in water (500 mL). After stirring for 1 hour, the solid was filtered off and the rinse process repeated. The result- 
ing solid was rinsed twice in isopropanol (400 mL) and then dried in a vacuum oven at 50°C for 24 hours to yield 8.7 g 
of the crosslinked polymer as a white solid. 

20 

7. Preparation of PoMallvf amine ) hydrochloride crosslinked with dimethvlsuccinate 

[0049] To a 500 mL round bottom flask was added poly(allylamine) hydrochloride prepared as described in Example 
3 (10 g), methanol (100 mL), and triethyiamine (10 mL). The mixture was stirred and dimethylsuccinate crosslinking 
25 agent (1 mL) was added. The solution was heated to reflux and the stirring discontinued after 30 minutes. After 18 
hours, the solution was cooled to room temperature, and the solid filtered off and blended in 400 mL of isopropanol. The 
solid was then filtered off and suspended in water (1 L). After stirring for 1 hour, the solid was filtered off and the rinse 
process repeated two more times. The solid was then rinsed once in isopropanol (800 mL) and dried in a vacuum oven 
at 50°C for 24 hours to yield 5.9 g of the crosslinked polymer as a white solid. 

30 

8. Preparation of Polv(ethvleneimine) crosslinked with acrvlovl chloride 

[0050] Into a 5 L three neck flask equipped with a mechanical stirred, a thermometer, and an addition funnel was 
added poly(ethyleneimine) (510 g of a 50% aqueous solution, equivalent to 255 g of dry polymer) and isopropanol (2.5 

35 L). Acryloyl chloride crosslinking agent (50 g) was added dropwise through the addition funnel over a 35 minute period 
while maintaining the temperature below 29°C. The solution was then heated to 60°C with stirring for 18 hours, after 
which the solution was cooled and the solid immediately filtered off. The solid was then washed three times by suspend- 
ing it in water (2 gallons), stirring for 1 hour, and filtering to recover the solid. Next, the solid was rinsed once by sus- 
pending it in methanol (2 gallons), stirring for 30 minutes, and filtering to recover the solid. Finally, the solid was rinsed 

40 in isopropanol as in Example 7 and dried in a vacuum oven at 50°C for 18 hours to yield 206 g of the crosslinked poly- 
mer as a light orange granular solid. 

9. Alkvlation of Polvfcllvlamin e) crosslinked with butanedioldiQlvdicvl ether with 1 -iodooctane alkylating aoent 

45 [0051 ] Poly(allylamine) crosslinked with butanedioldiglycidyl ether prepared as described in Example 5 (5 g) was sus- 
pended in methanol (100 mL) and sodium hydroxide (0.2 g) was added. After stirring for 15 minutes, 1-iodooctane (1.92 
mL) was added and the mixture stirred at 60°C for 20 hours. The mixture was then cooled and the solid filtered off. Next, 
the solid was washed by suspending it in isopropanol (500 mL), after which it was stirred for 1 hour and then collected 
by filtration. The wash procedure was then repeated twice using aqueous sodium chloride (500 mL of a 1 M solution), 

so twice with water (500 mL), and once with isopropanol (500 mL) before drying in a vacuum oven at 50°C for 24 hours to 
yield 4.65 g of alkylated product. 

[0052] The procedure was repeated using 2.88 mL of 1 -iodooctane to yield 4.68 g of alkylated product. 

10. AlkvlatiQn of PolYfallylamine) crosslinked with epichlorohvdrin with 1-iodooctane a lkylating aoent 

55 

[0053] Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 4 (5 g) was alkylated 
according to the procedure described in Example 9 except that 3.84 mL of 1-iodooctane was used. The procedure 
yielded 5.94 g of alkylated product 
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1 , * Pni yf a iMamin^ ^r.nkgri with eoichlnrohydrin with 1 -iodnortadPcane alkylating agent 

r00541 Poly(allylamine) crosslink*! with epichlorohydrin prepared as described in Example 4 (10 g) was suspended 
EmSL^ISand sodium hydroxide (0.2 g) was added. After stirring for 15 minutes, 1-.odooctadecane (8.1 g) 
was S^S lrt£2£^S£ 2SJi to 20 hours. The mixture was then coded and the solid tittered off. Ne^the 
' Swwafv^SS by suspending it in isopropanol (500 mL), after which it was stirred for 1 hour and Jen collected by 
m SZn VZ wash orSedure was then repeated twice using aqueous sodium chloride (500 mL of a 1 M solution), twice 
wTw£e™^ (500 mL) before drying in a vacuum oven at 50°C for 24 hours to y,e.d 

9.6 g of alkylated product. 

10 „ A ,w y, ati ™ of PotY r g .. u. a m.™i nrossi ^^ wifh h.rtanediokiinivnirivi *ther with i-iodcyiortPcan* alkylating agent 

100551 Poly(allylamine) crosslinked with butanedioldiglycidyl ether prepared as described I in Example 5 (5g) was 
Scaled SSSSZ the procedure described in Example 1 1 except that 2.47 mL of 1 -iodododecane was used. The 
is procedure yielded 4.7 g of alkylated product. 

13 >. Vnf ^ 3 p ^ a .h,. a min e l croc^nn^ with h.tanediolriialvcirivl ether with hPnryl bromide alkylating age* 

100561 PoMallylamine) crosslinked with butanedioldiglycidyl ether prepared as described in Example 5 (5 g) was 
* Scaled TcSingTo the procedure described in Example 1 1 except that 2.42 mL of benzyl brom.de was used. The 
procedure yielded 6.4 g of alkylated product. 

1 , mmafi 1 P^.yr a .M a min e l gQ^liDkfid wHh eoirhlorohyrtrip with bfitgy! hromid* alkylating agent 

25 [0057] Po.y(allylamine) crosslinked with epichlorohydrin prepared as described in 2^*™™**^ 
Sing to the procedure described in Example 1 1 except that 1 .21 mL of benzyl brom.de was used. The procedure 
yielded 6.6 g of alkylated product. 

* g A ction »f Pnlvfallvlamin^ rmBdinkad w ith Anirhlorohvdrin with 1 -iododgcana alkylating agent 

30 [0058] Po.y(a..ylamine) crosslinked with epichlorohydrin prepared as described in f^^^SX 
according to the procedure described in Example 1 1 except that 7.15 g of 1 -.ododecane and 2.1 g of NaOH were used. 
The procedure yielded 20.67 g of alkylated product. 

35 i R A ction of Pp i yf^m.n^ crosslinks with enichiorphyrtrin with ijfld&utaofi alkylating agent 

[0059] Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 4 (20 , g] ^was alkylated 
Sing io SeproTedJe described in Example 1 1 except that 22.03 g of 1 -iodobutane and 8.0 g of NaOH were used. 
The procedure yielded 24.0 g of alkylated product. nn 
40 [OWO] Theprocedurewasalsofollow^^ 
tively. of alkylated product. 

, -, AjiQ datien «f Pnlv^Mami r ^ srosslinked with eniohlorohydrin with 1 -iodotetradecane alkylating agent 

45 [0061] Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 4 (5 i g) was ^alkylated 
SingtoSeproceduidescribedinExarrple^ exceptthat2.1 mL of 1 -iodotetradecane was used. The procedure 

^"e^u^v^ 
50 18 . Aik yiatinn of Polyf all ylamir.^ cr n cciinkad with enichlorohvdrin with 1-iodooctane alkylating agent 

[0063] Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 8 (5 g) was lasted 
Sing to Se procedure described in Example 11 except that 1.92 mL of 1-iodooctane was used. The procedure 
yielded 5.0 g of alkylated product. 
55 io Aiky^tinn of a Copoiyn^ nf diethyl ^ timing and epichlorohydrin with 1-i odooctane alk ylating agent 

[0064] A copolymer of diethylene triamine and epichlorohydrin (10 g) was alkylated according to the procedure 
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described in Example 1 1 except that 1 .92 mL of 1 -iodooctane was used. The procedure yielded 5.3 g of alkylated prod- 
uct 

20. Alkylation of Poly(allyl amine) crosslinked with epichlorohvdrin with 1 -iodododecane and olycidvtprrovltrimethylam- 
5 monium chloride alkylating agents 

[0065] Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 4 (20 g) was alkylated 
according to the procedure described in Example 1 1 except that 23.66 g of 1 -iodododecane, 6.4 g of sodium hydroxide, 
and 500 mL of methanol were used. 24 grams of the alkylated product was then reacted with 50 g of 90% glycidylpro- 
io pyttrimethylammonium chloride in methanol (1 L). The mixture was stirred at reflux for 24 hours, after which it was 
cooled to room temperature and washed successively with water (three times using 2.5 L each time). Vacuum drying 
afforded 22.4 g of dialkylated product. 

[0066] Dialkylated products were prepared in an analogous manner by replacing 1 -iodododecane with 1 -iododecane 
and 1 -iodooctadecane, respectively, followed by alkylation with glycidylpropyltrimethylammonium chloride. 

15 

21. Alkylation of Poty(allvlamine) crosslinked with epichlorohydrin with qlvcidylpropyttrimethvlammonium chloride 
alkylating agent 

[0067] Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 4 (5 g) was reacted with 
20 11.63 g of 90% glyddylpropyltrimethylammonium chloride (1 mole equiv.) in methanol (100 mL). The mixture was 
stirred at 60°C for 20 hours, after which it was cooled to room temperature and washed successively with water (three 
times using 400 mL each time) and isopropanol (one time using 400 mL). Vacuum drying afforded 6.93 g of alkylated 
product. 

[0068] Alkylated products were prepared in an analogous manner using 50%. 200%, and 300% mole equiv of 90% 
25 glycidylpropyrtrimethylammonium chloride. 

22. Alkylation of Poly (allylamine) crosslinked with epichlorohydrin with (IQ -bromodecyl) trimethylammonium bromide 
alkylating agent 

30 [0069] The first step is the preparation of (10-bromodecyl) trimethylammonium bromide as follows. 

[0070] 1 ,1 0-dibromodecane (200 g) was dissolved in methanol (3 L) in a 5 liter three neck round bottom flask fitted 
with a cold condenser (-5°C). To this mixture was added aqueous trimethylamine (1 76 mL of a 24% aqueous solution, 
w/w). The mixture was stirred at room temperature for 4 hours, after which is was heated to reflux for an additional 18 
hours. At the conclusion of the heating period, the flask was cooled to 50°C and the solvent removed under vacuum to 

35 leave a solid mass. Acetone (300 mL) was added and the mixture stirred at 40°C for 1 hour. The solid was filtered off, 
resuspended in an additional portion of acetone (1 L), and stirred for 90 minutes. 

[0071] At the conclusion of the stirring period, the solid was filtered and discarded, and the acetone fractions were 
combined and evaporated to dryness under vacuum. Hexanes (about 1.5 L) were added and the mixture then stirred 
for 1 hour, after which the solid was filtered off and then rinsed on the filtration funnel with fresh hexanes. The resulting 

40 solid was then dissolved in isopropanol (75 mL) at 40°C. Ethyl acetate (1500 mL) was added and the temperature 
raised to about 50°C to fully dissolve ail solid material. The flask was then wrapped in towels and placed in a freezer for 
24 hours, resulting in the formation of solid crystals. The crystals were f iltered off, rinsed in cold ethyl acetate, and dried 
in a vacuum oven at 75°C to yield 100.9 g of (10-bromodecyl) trimethylammonium bromide as white crystals. 
[0072] Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 4 (10 g) was suspended 

45 in methanol (300 mL). Sodium hydroxide (3.3 g) was added and the mixture stirred until it dissolved. (10-bromodecyl) 
trimethylammonium bromide (20.7 g) was added and the mixture was refluxed with stirring for 20 hours. The mixture 
was then cooled to room temperature and washed successively with methanol (two times using 1 L each time), sodium 
chloride) two times using 1 L of 1 M solution each time), water (three times using 1 L each time), and isopropanol (one 
time using 1 L). Vacuum drying yielded 14.3 g of alkylated product. 

so 

23. Alkylation of Polv(allylamine) crosslinked with epichlorohydrin with (IQ-bromodecyl)trimethylammonium bromide 
and LiQ-dfrromodecane alkylating agent? 

[0073] 1 .1 0-dibromodecane (200 g) was dissolved in methanol (3 L) in a 5 liter round bottom flask fitted with a cold 
55 condenser (-5°C). To this mixture was added aqueous trimethylamine (220 mL of a 24% aqueous solution, w/w). The 
mixture was stirred at room temperature for 4 hours, after which it was heated to reflux for an additional 24 hours. The 
flask was then cooled to room temperature and found to contain 3350 mL of clear liquid. 

[0074] Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 4 (30 g) was suspended 
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10 



30 



35 



in the dear liquid (2 L) and stirred for 10 minutes. Sodium hydroxide (20 g) was then added and the m.xturestined until 
it had dissdved iLt le mixture was refluxed wrth stirring for 24 hours, cooled to room 

tered off The solid was then washed successively with methanol (one t.me usmg 10 L). sod.um chlor.de (two tomes 
Sing ToL^M solution each time), water (three times using 1 0 L each time), and .sopropano. (one time us,ng 5 L). 
Vacuum drying afforded 35.3 g of dialkylated product. 

m glgtian gf P^Maminel cross l ink^ with epichlorohydrin with (IQ-bromndecyl)trimethylammonium bromide 
and 1-bromnriecane alk ylating agents 

[0075] Poly (allylamine) crosslinked with epichlorohydrin prepared as described in Example 4i ^ ^ 
nmeLnol (300 mL). Sodium hydroxide (4.99 g) was added and the mixture stirred urt.htd.sso.ved. (1^rr»decyl) 
ttimXCmonium bromide prepared as described in Example 22 (20.7 g) and 1 -bromodecane were added and the 
iwTlh stirnngtor 20 hours. The mixture was then cooled to room temperature and washed ^ucces- 
SSwrmSano. (two times Ssing 1 Leach time), sodium ch.oride (two times using 1 Lot a 1 
waSTt^ee times using 1 L each time), and isopropanol (one time using 1 L). Vacuum dry,ng yiekied 10.8 g of 

SS^ialMaSd products were also prepared in analogous fashion using different amounts of 1 -bromodecane as 
E (a^ 3 .^^^e and 4. 1 4^ sodium hydroxide to yield 1 1 .8 g d dialkylated produd; (b) 38.4 g 1 -bro- 
modecane and 6.96 g sodium hydroxide to yield 19.1 g of dialkylated produd. t ^ atinf , 
SoT^iXlated products were also prepared in analogous fashion using the following comb.nat.ons of alkylating 
S bZxd^ bromodecane and (^omohexyOtnmdh- 

Sonium^r7mide; bromodecane and (8-bromoody.)trimethylammonium bromide; 1 -bromoderm .and I (2-bro- 
nSZr e thy.ammonium bromide; 1-bromodecane and (3-bromopropy.)trimethy ammomum bromrfe 1- 
romSlexane and (6-bromohexy.)trimethylammonium bromxie; 1 -bromododecane and (12-bromododecyl)tnmdhy1- 
; ammonium bromide; and 1 -bromooctane and (6-bromohexyl) trimethylammon.um brom.de. 

o C ftUg^ f Pmv^iMaminel cr o^ink^ with epichlorohydrin with 1 1 -brnmn-1 -undepanol alkylating agent 

[0078] Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example V^^fbTo^ 
nmlhanoi moo mL) Sodium hydroxide (1.10 g) was added and the mixture st.rred unt.l .t dissolved. 11-bromo-1- 
unSno^ 50 g) wtsa^e^e mixture was' refluxed with stirring for 20 hours, after which it was cooled to room 
tenure ^and washed successive* with methane, (one time using 3 L). solium ch.or.de tfwo J m f"^°^ 
TuA solution each time), and water (three times using 1 L each time) . Vacuum drying yielded 6.47 g d alkylated prod 

1$791 The reaction was also performed using 1 .05 g sodium hydroxide and 1 0 g 1 1 -bromo-1 -undecand to yield 8.86 
g d alkylated produd. 

o C a ^nn of P^iMamine) cr o cc.in^ with epichlorohydrin with N-(2.3-epoxYpropane)butyramide alkylating 



aoent 



40 



45 



SO 



55 



NXKOl The first step is the preparation of N-allyl butyramide as follows. . .„ ... 

iESn BlL ovl chloride (194 7 g 1 83 mol) in 1 L of tetrahydrofuran was added to a three neck round bottom flask 
Z^TX^T^^ dropping funnel. The contents of the flask were tan ^dto ja-C .nan 
^tettTlite stirring famine (208.7 g. 3.65 mol) in 50 mL of tetrahydrofuran was then added ^ ** 
AoodngTnnel while mairtaining stirring. Throughout the addition, the temperature was ma.nta,ned at 15°C. After 
Son v£ ^ comSete.^rring continued for an addrtiona. 15 minutes, after which the sond a1.ytem.ne c "lorde prec^ 
Se «as mered^f. The filtrate was concentrated under vacuum to yield 236.4 g of N-aflyl butyramxie as a colorless 

SET Tally, butyramide (12.7 g. 0.1 mo.) was taken into a 1 L round bottom flask «**P*^^^ 
condenser Methylene chloride (200 mL) was added to the flask, followed by 3-chloroperoxybenzo.c aad (50-60% 
£5 ^g£n f,ve potions over the course of 30 minutes and the readion allowed to proceed. After 16 hours TLC 
aSS' (using 5% me^hand in dichloromethane) showed complete formation of produd ™* ™*° n ™? m «JJ 
vZ traded and filtered to remove solid benzoic acid precipitate. The filtrate was washed wrth saturated sod.um suKrte 
SZCt^es using 100 mL each time) and then w*h saturated dc«iumbicarbonat^ ' ™ 
mL each time). The dichloromethane layer was then dried with anhydrous sod.um sulfate and concentrated under vac 
uum to yield 10.0 g of N-(2.3-epoxypropane) butyramide as a liQhtyellow v^'*"* 

[0083] Poly(allylamine) crosslinked with epichlorohydrin prepared as desenbed in Example 4 (10 ft«w«0a« 
rndhanol (250 mL) were added to a 1 L round bottom flask, followed by N-(2,3-epoxypropane) butyram.de (0.97 g. 
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0.0067 mol, 5 mot%) and then sodium hydroxide pellets (0.55 g. 0.01375 mol). The mixture was stined overnight at 
room temperature. After 16 hours, the reaction mixture was filtered and the solid washed successively with methanol 
(three times using 300 mL each time), water (two times using 300 ml, each time), and isopropanol (three times usinq 
300 mL each time. Vacuum drying at 54°C overnight yielded 9.0 g of the alkylated product as a light yellow powder 
5 [0084] Alkylated products based upon 10 mol%. 20 mol%. and 30 mol% N-(2.3-epoxypropane) butyramide were pre- 
pa [f? a ( "f'°9° us fashion tha » 9a) in the 10 mol% case. 1 .93 g (0.013 mol) N-(2.3-epoxypropane) butyramide 
fi JSl IT ? SOdiUm hydr0)dde Pellets were used to yield 8.3 g of alkylated product, (b) in the 20 mol% case. 
3.86 g (0.026 mol) N-(2.3-epoxypropane) butyramide and 2.1 g (0.053 mol) sodium hydroxide pellets were used to yield 

f« „L a '!?" a !! d Pr0dUCt - and (C) in the 30 mol% case - 5 72 9 <° 04 mo ') N-(2.3-epoxypropane) butyramide and 2 1 g 
io (0.053 mol) sodium hydroxide pellets were used to yield 8.32 got alkylated product. 

aoe nt^ 0 " ~ P °' Yfa " Ylf,mine) crosslink P d epichlorohydrin with N-12 a- e poxyDronanP^ hexanamitte alky lating 

is [0085] The first step is the preparation of N-allyl hexanamide as follows. 

[0086] Hexanoyl chloride (33 g. 0.25 mol) in 250 mL of tetrahydrof uran was added to a three neck round bottom flask 
equipped with a thermometer, stir bar, and dropping funnel. The contents of the flask were then cooled to 15°C in an 
ice bath while stirring. Allylamine (28.6 g. 0.5 mol) in 200 mL of tetrahydrofuran was then added slowly through the drop- 
ping funnel while maintaining stirring. Throughout the addition, the temperature was maintained at 15°C After addition 
was complete, stornng continued for an additional 15 minutes, after which the solid allylamine chloride precipitate was 
filtered off. The filtration was concentrated under vacuum to yield 37 g of N-allyl hexanamide as a colorless viscous liq- 

[0087] N-allyl hexanamide (16 g. 0.1 mol) was taken into a 1 L round bottom flask equipped with a stir bar and air 
condenser. Methylene chloride (200 mL) was added to the flask, followed by 3-chloroperoxybenzoic acid (50-60% 
strength, 200 g) in five portions over the course of 30 minutes and the reaction allowed to proceed After 16 hours TLC 
analysis (using 5% methanol in dichloromethane) showed complete formation of product The reaction mixture was 
then cooled and filtered to remove solid enzoic acid precipitate. The filtrate was washed with saturated sodium sulfite 
solution (two tomes using 1 00 mL each time) and then with saturated sodium bicarbonate solution (two times using 100 
mL each tome). The dichloromethane layer was then dried with anhydrous sodium suHate and concentrated under vac- 
uum to yield 14.2 g of N-(2,3-epoxypropane) hexanamide as a light yellow viscous liquid. 

[0088] Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 4 (10 g -80 sieved) and 
methanol (250 mL) were added to a 1 L round bottom flask, followed by N-(2.3-epoxypropane) hexanamide (4.46 g 
0.026 mol. 20 mol%) and then sodium hydroxide pellets (2.1 g. 0.053 mol). The mixture was stined overnight at room 
temperature. After 16 hours, the reaction mixture was filtered and the solid washed successively with methanol (three 
times using 300 mL each time), water (two times using 300 mL each time), and isopropanol (three times using 300 mL 
each tme. Vacuum drying at 54»C overnight yielded 9.59 g of the alkylated product as a light yellow powder 
[0089] An alkylated product based upon 30 mol% N-(2.3-epoxypropane) hexanamide was prepared in analogous 
fashion except that 6.84 g (0.04 mol) N-(2,3-epoxypropane) hexanamide was used to yield 9.83 g of alkylated product. 

28^ Alkylation Of PQlyfflllylamine) C rc>$Slinked with epichlorohvdrin with rfi-Bmmn h exvlWimPthviammoni.im hm^»nri 
1 -oromodecane alkylating aoent 

[0090] To a 12-1 round bottom flask equipped with a mechanical stiner, a thermometer, and a condenser is added 
methanol (5 L) and sodium hydroxide (133.7 g). The mixture is stirred until the solid has dissolved and crosslinked 
poly(allylamine) (297 g; ground to -80 mesh size) is added along with additional methanol (3 L). (6-Bromohexyl) trimeth- 
ylammon.um brom.de (522.1 g) and 1-bromodecane (31 1.7 g) are added and the mixture heated to 65°C with stirring 
After 18 hours at 65»C the mixture is allowed to cool to room temperature. The solid is filtered off and rinsed by sus- 
pending, stimng for 30 minutes, and filtering off the solid from: methanol. 12 L; methanol, 12L; 2 M aqueous NaCI 22 
U 2 M aqueous NaCI, 22 L; deionized water. 22 L; deionized water, 22 L; deionized water, 22 L and isopropanol 22 L 
The solid is dried in a vacuum oven at 50°C to yield 505. 1 g of off-white solid, the solid is then ground to pass through 
an 80 mesh sieve. 
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Testing of Polymers 
55 Preparation of Artificial Intestinal Fluid 



[0091] Sodium carbonate (1.27 g) and sodium chloride (1 .87 g) were dissolved in 400 mL of distilled water To this 
solution was added either glycocholic acid (1.95 g, 4.0 mmol) or glycochenodeoxycholic acid (1.89 g, 4.0 mmol) to 
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testing of the various polymers. 

[0092] Polymers were tested as follows. „ rtlwmor an ri 1 0 mL of a bile salt solution in concentrations 

0093 ToVl 4 mL centrifuge tube ^^^^^^^i^Lc^ and butter without bile 
Ung from 0.1-10 mM prepared from 10 ^J^JJ^SSIS at 37«C for three hours. The mixture 

SLTf«^ 

steroid dehydrogenase, as described below. 
p^ Y^iir. Ass fiy fa t Tntal Rile Salt Content 
[0094] Four stock solutions were prepared. 

Solution 1 - Tris-HCI buffer, containing 0.133 M Tris. 0.666 mM EDTA at pH 9.5. 

Solution 2 - Hydrazine hydrate solution, containing 1 M hydrazine hydrate at pH 9.5. 

Solution 3 - NAD solution, containing 7 mM NAD+ at pH 7.0. 

Solution 4 - HSD solu*>n. containing 2 un*s/mL in Tris-HC. buffer (0.03 M Tris. 1 mM EDTA) at pH 7.2. 
[009* ToaSmLcuve^sac^ 

4 and 0.1 mL of supernatant/filtrate from a pdjwM " d ^£J Sm3 The bile salt concentration was deter- 
trophotometer and the absoroance (O.D.) of NADH at 350 nm ^« fluid red as described above. 

Zed from a calibration curve prepared fromd.utons ^ JJ^Jlw aScXere efficacious in removing 
[00961 All of the polymers previously descnbed were tested in the aoove ma 
bile salts from the artificial intestinal fluid. 

Use 

[0097, The powers according to the invention may be adhered 

rSday to aoout 10 g/kg/day. the particular dosage will ^fj^^^^jS^tJd or dehydrated form. 
SKS Stent of bile sa« removal r«juired). ingredients such 

afoS^^^ 

on food). The pill, tablet, capsule, or powder ca |^JJJ*£S!E^ composition to pass undisintegrated 
the gastric acid in the patients stomach jn combination wrth a pharmaceutical* 

a micelle, 
p qt nvALENTS 

to be encompassed by the following claims. 
so Claims 

1 An alkylated crosslinked polymer comprising the reaction product of: 

a) one or more crosslinked polymers, characterized byarepeat unit se ,ected from the group coning o, 
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(CH 2 - CH), 
I 



10 



CH 2 (1) 



(CH 2 - CH) n (2) 



15 



NR 2 



20 

(NR-CHaCH^ (3) 
(NR-CH2CH 2 -NR-CH2CH2-NR-CH 2 CHOH-CH 2 ) n (4) 

25 

and salts and copolymers thereof, where n is an integer and each R, independently, is H or a Ci -Cs alkyl group ; 
and 

b) at least one alkylating agent, said reaction product characterized in that: 

30 (i) at least some of the nitrogen atoms in said repeat units are unreacted with said alkylating agent; and 

(ii) less than 10 mol% of the nitrogen atoms in said repeat units that react with said alkylating agent form 
quaternary ammonium units. 

2. A alkylated crosslinked polymer comprising the reaction product of: 

35 

a) one or more crosslinked polymers characterized by a repeat unit having the formula 
(CH 2 - CH) n 



40 



CH 2 (1) 



45 



SO 



NR 2 

and salts and copolymers thereof, where n is an integer and each R, independently, is H or a 0^ -C 8 alky! group; 
and 

b) at least one alkylating agent, said reaction product characterized in that: 

0) at least some of the nitrogen atoms in said repeat units are unreacted with said alkylating agent; and 
(ii) less than 10 mol% of the nitrogen atoms in said repeat units that react with said alkylating agent form 
quaternary ammonium units. 

55 3. The polymer of Claim 1 or Claim 2 wherein said polymer is crosslinked by means of a multifunctional crosslinking 
agent (e.g. comprising epichlorohydrin), said agent being present in an amount from about 1 -25% (e.g. 2.5 - 20%) 
by weight, based upon the combined weight of monomer and crosslinking agent 
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X. The polymer of Claim 1 or Claim 2 wherein said polymer is characterized by a repeat unit having the formula 

(CH 2 - CH) n 

CH, (5) 

I 2 

NH 2 

or a salt or copolymer thereof. 

5 The polymer of Claim 1 or Claim 2 wherein said alkylating agent has the formula RX where R is a C, - Jo^. £ 
So Koxyalkyl. C r C w aralkyl. C..C* alkylammonium, or 0,-C* a.ky.am,do group and X ,s one or more elec 
trophilic leaving groups, for example a halide, epoxy. tosylate, or mesylate group. 

6 The polymer of Claim 1 or Claim 2 wherein (a) said polymer is reacted wrth at least of said two^ >^™£: 
one of said alkylating agents having the formula RX where R is a C r C 20 alkyl group and X .s one or more elec 
ZSZSSSSSf** the oth'er of said alkylating agents having me formufc RX where R ,s a C^o alky. 

ntum^tTs a cX alky, haf.de ammonium salt (e.g. a C 6 alkyl halide ammon,um salt; or 

ftrt said polymer is reacted with at least two of said alkylating agents, one of said alkylating agents ^having , ttne 
£ ™E KChere R is a C 1 -C 90 alkyl group and X is one or more electrophilic leavmg groups, and the other of 
"^^^i^^ where R' is a hydroxya.kyl group and X is one or more 



or 



35 



(c) said polymer is reacted with at least two of said alkylating agents, one of said alkylating agents is a 0,-Cd 
dihaloalkane and the other of said alkylating agents is a C r C 2 o alkylammon.um salt. 

The polymer of Claim 1 wherein (a) said polymer is characterized by a repeat unit having the formula 

(NH-CH 2 CH 2 ) n (6) 

40 or a salt or copolymer thereof; or 

(b) said polymer is characterized by a repeat unit having the formula 

(NH-CH 2 CH 2 -NH-CH 2 CH 2 -NH-CH 2 CHOH-CH 2 ) n W 

or a salt or copolymer thereof. 
8. The polymer of Claim 1 wherein (a) said alkylating agent comprises a d.Ca, (e.g. C 4 .C 18 ) alkyl halide; or 

(b) said alkylating agent comprises a CyC^ dihaloalkane (e.g. a 1 .10-dihalodecane); or 

(c) said alkylating agent comprises a d-Ca hydroxyalkyl halide (e.g. an 1 1 -nato-1 -undecanol; or 

(d) said alkylating agent comprises a CyC^ aralkyl halide (e.g. a benzyl halide); or 

(e) said alky.ating agent comprises a d-Q* alkyl halide ammonium salt (e.g a C 4 -C 12 haloalkyl trimethyl- 
ammonium salt); a 
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(f) said alkylating agent comprises a -C20 epoxy ammonium saJt (e.g a (glycidylpropyt)trimethyl- ammo- 
nium salt); or 

(g) said alkylating agent comprises a .C1-C20 epoxy alkylamide. e.g. selected from the group consisting of N- 
5 (2,3-epoxypropane)butyramide, N-(2,3-epoxy-propane) hexanamide, and combinations thereof. 

9. A polymer of any one of the preceding claims for use in therapy, e.g. removing bile salts from a patient. 

10. Use of a polymer of any one of claims 1 to 8 for the manufacture of a medicament for removing bile salts from a 
10 patient. 
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cally effective amount of the reaction product of: (a) one 
or more highly cross-linked polymers characterized by a 
repeat unit selected from the group consisting essen- 
tially of: (1), (2), (3): (NR-CH 2 -CH 2 ) n , (4): (NR-CH 2 CH 2 - 
NR-CH 2 CH 2 -NR-CH 2 CHOH-CH 2 )n and salts and 
copolymers thereof, where n is an integer and each r, 
independently, is H or a C r C 8 alkyl group; and (b) at 
least one alkylating agent. The reaction product is char- 
acterised in that: (i) at least some of the nitrogen atoms 
in said repeat units are unreacted with said alkylating 
agent; (ii) less than 1 0 mol% of the nitrogen atoms in the 
repeat units that react with the alkylating agent from 
quaternary ammonium units; and (iii) the reaction prod- 
uct is non-toxic and stable once ingested. 
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